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Product

Overview




The LPB is a universal precast concrete light pole foundation that offers several distinct advantages over
other precast pole foundations as well as cast-in-place concrete foundations.

Adjustable Anchoring System

The Anchoring System, which is embedded into the top of the LPB, utilizes four %-inch diameter
threaded rods and can accommodate bolt circle diameters as small as 7-%-inches and as large as
13-¥%-inches. This allows for the installation of a variety pole sizes and shapes, sure to fit most
commercial light pole base plate configurations.

Large Side Openings and Central Pathway
The LPB contains four large side openings that lead to a central vertical pathway sleeve. The size and

location of the openings along with the pathway sleeve allow for flexibility and ease of electrical
conduit installation from multiple directions.

Adjustable Anchoring
/ System

Central Pathway

/ Large Side Openings




In Stock and Available

Because the LPB has a standard size and configuration, designed to accommodate a variety of pole
sizes and shapes, it can be produced in advance without knowing the specifics of the project. This
reduces product lead times and allows for flexibility if project requirements change.

Installation Efficiency

The LPB is cured and ready for installation when it arrives to the jobsite. Light poles can be installed
within hours, rather than days, once the base has been set and backfilled. Less coordination between
the installer and electrician is required and onsite construction effort has been minimized since the
LPB does not require any formwork or tying of rebar in the field.

Quality

Because the LPB is produced by trained personnel in a controlled environment, a high-quality product
can be maintained. Mix designs are documented and quality assurance programs are followed,
resulting in a predictable and consistent product.
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Design
Approach




The design of a LPB is completed by analyzing two distinct portions of the foundation. The first is the
Anchoring System that is embedded into the top of the foundation and the second is the concrete foundation
itself. The Anchoring System within the LPB consists of four slots, created by plastic inserts, each containing
an anchoring nut that is located approximately 4-%-inches below the top concrete surface. The procedures
below outline the steps taken to complete the analysis of the Anchoring System and the concrete foundation.

Step 1A

The first step in the analysis of the Anchoring System is to establish the dimensional parameters for the pole
and the luminaires that will be attached to the top of the foundation. For the pole this includes the height,
shape (round or square) and width or diameter. For the luminaires, this includes the Effective Projected Area
(EPA), if known, or the contact/surface area and shape (flat or rounded sides) if the EPA is unknown.

Step 2A

The second step in the process is to calculate the maximum wind pressures that will be acting on the pole
and luminaires. The American Association of State Highway and Transportation Officials (AASHTO)
publication: LRFD Specifications for Structural Supports for Highway Signs, Luminaires, and Traffic Signals,
First Edition, 2015 (LRFDLTS-1) outlines the process for determining the maximum wind pressure acting on
the pole and luminaires. The wind pressure is calculated using a basic wind speed, a wind exposure category
and several other calculated coefficients/factors. Additional information regarding the calculation of wind
pressure can be found in Chapter 3 of the AASHTO manual referenced above.

It is important to understand, that the Basic Wind Speed chosen as part of this step is based upon a Mean
Recurrence Interval, Risk Category and location which must be established by the Designer. Determining the
Basic Wind Speed is a critical step as it will greatly affect the amount of load transferred to the LPB Anchoring
System. Additionally, the AASHTO LRFDLTS-1 considers wind to be an extreme event with a Load Factor of
1.0. Therefore, the wind pressures calculated as part of this step will not be increased further in subsequent
steps.

Step 3A

The third step consists of calculating the base reactions, or moment and shear at the base of the pole. This is
competed by multiplying the effective area of the pole and the luminaires by the respective wind pressures
that were determined in Step 2A. Additionally, since this is an LRFD design, the total moment and shear are
multiplied by a Load Factor. As mentioned above, since wind is considered an Extreme Load, the Load Factor
is 1.0 according to AASHTO Table 3.4-1.
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Step 4A
Once the base reactions have been determined the tension in the individual bolts can be calculated. At this

point in the process, a bolt circle diameter will need to be chosen. The LPB allows for bolt circle diameters
ranging from 7-%-inches up to 13-%-inches. Each bolt circle consists of four (4) %-inch diameter threaded
rods that are attached to the anchoring nuts within the inserts. The bolt circle diameter has a direct effect on
the resulting bolt tension which is then transferred to the anchoring nut. Choosing a bolt circle diameter is a
critical step and may be iterative as several diameters may need to be examined in order to satisfy the
requirements of subsequent Steps. The bolt circle diameter is limited to no more or less than four (4) bolts
and it is also important to keep in mind that the bolt circle diameter may be a set value based upon the
proposed light pole that will be installed. In this case, refer to the light pole manufacturer for additional
information.

The Total Tensile Load within a given bolt is based upon the following:
*  Moment at the base of the pole
= The centroid distance to each bolt
= The moment of inertia of the bolt group

= And the stress area of the bolts

The example and Figure 1 below illustrate the calculation process for determining the tension in the bolts.

d
Centroid Distance to Bolts = ¢ = 3 - cos45

] s 0.97437°
Tensile Stress Area of Each Bolt = Ay = I [db - ]

d,, = bolt diameter = 0.75in
n = threads per inch = 10

A =0.334 in?
Moment of Inertia of Bolts =1 = ZAT cc?=4- A -c?

Moment ¢

Bolt Stress = 7

. Bolt Stress
Bolt Tension= T, = ——
AT
For additional information regarding the procedure outlined above, refer to the National Cooperative
Highway Research Program document NCHRP Report 412.

Step 5A

The next step in the analysis process is to check the adequacy of the Anchoring System. Given the proprietary
use of the inserts and anchoring nuts, load testing of the Anchoring System was completed in order to
determine the nominal tensile capacity. A full write-up of the testing completed is contained in Appendix A.
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In total, 12 tests were completed at three different bolt circle diameters; 14-inches, 10-inches, and 7-%-
inches. In each test, the anchor was loaded to 18,500 pounds which was a predetermined value based upon
the actual anticipated loads. In all 12 tests, the Anchoring System held the applied load without failure. Based
upon these results, LPB recommends using 18,500 pounds as the nominal tensile capacity of an individual
anchor bolt within the Anchoring System.

According to the Chapter 5 Section 5.16.3 of the AASHTO LRFDLTS-1 manual, resistance factors for concrete
anchorages shall be as specified in ACI 318-11, Appendix D. Section D.4.3 of ACI 318-11 specifies that for
anchors governed by concrete breakout, side-face blow-out, pullout, or pryout (which is typically how the
LPB Anchoring System performed) a reduction factor of 0.7 should be used for tension loads.

Step 5A within the analysis process compares the nominal tensile capacity, with reduction factor, to the
applied load that was calculated in Step 4A. If the applied load exceeds the reduced nominal capacity, a
different pole and bolt circle configuration will be required to reduce the applied load.

Step 6A
According to the AASHTO LRFDLTS-1 manual and National Cooperative Highway Research Program (NCHRP)

Report 469, anchor rods subject to more than 20,000 repeated applications of significant axial tension shall
be checked for the fatigue limit state. This step begins the process of analyzing the system for fatigue loading.
In Step 2A, the wind pressure that was calculated is considered the ultimate design load. In addition to
analyzing for this load condition, fatigue must be considered using a lower wind pressure.

Step 6A consists of determining the resulting bolt stress based upon the pressure generated from Natural
Wind Gusts. The Natural Wind Gust pressure is calculated using the Yearly Mean Wind Velocity, the drag
coefficients for the pole and luminaires, and an Importance Factor, which is based upon a Fatigue Category.
The equation for determining the Natural Wind Gust is based upon a Yearly Mean Wind Velocity of 11.2 miles
per hour. If an alternate velocity is known, it may be used accordingly. For more information on the selection
of the Fatigue Category, and resulting Importance Factor, refer to Section 11.6 of the AASHTO LRFDLTS-1.

For the purposes of this analysis process, truck-induced gusts and galloping have been ignored given the
anticipated installation locations and pole/luminaires configurations to be used with the LPB. If either of
these loading conditions are anticipated, given the actual site conditions, further analysis is recommended.

Step 7A
The final step in the Anchoring System analysis process is to check the anchor rods with respect to the fatigue

bolt stress that was calculated in Step 6A. The NCHRP Report 469 defines the stress range as the magnitude
of the change in nominal stress due to the application or removal of the unfactored live load. The S-N curve
for galvanized non-pretensioned anchor rods corresponds to detail Category E', however the fatigue
threshold is much greater than other Category E' details. Therefore, in the case of anchor rods a threshold of
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7000 psi is recommended per the NCHRP report. This is the value that is compared to the stress that was
calculated in Step 6A. The NCHRP report states that no further evaluation of fatigue resistance is required if
the stress in the anchor rod remains below the threshold stress range. However, LPB recommends that an
additional check be completed. The additional check compares the combined fatigue tension and ultimate
design tension to the reduced nominal capacity of the Anchoring System. This check is not prescribed in any
Code or industry document but is merely a recommendation and may be used at the Designer’s discretion.

It is worth noting that the NCHRP Report 469 states: “In steel-to-concrete joints subject to fatigue, the anchor
rod will fail before the concrete fatigue strength is reached. Therefore, it is not necessary to consider the
fatigue strength of the concrete.” Based upon this statement, no additional fatigue analysis of the concrete
Anchoring System has been completed.

Finally, it is possible to meet the requirements of Step 5A, based upon the chosen bolt circle diameter, but
not meet the requirements of Step 7A. If this is the case, a larger bolt circle diameter will need to be used in
Step 4A, if possible, and then the rest of the process re-analyzed.

Step 1B
The first step in the foundation analysis is to establish the dimensional parameters for the foundation. This

includes the total foundation length, the above grade length, shape, and diameter or width. The LPB has a
minimum total length of 4-feet and a maximum of 10-feet. The foundation is generally produced in even
1-foot increments and the amount of above grade length may vary depending on analysis and project
requirements Finally, the standard shape for the LPB is round with an above and below grade diameter of
24-inches. If foundation dimensions outside of the typical parameters stated are needed to meet the project
requirements, contact LPB and/or the producer to discuss possible options.

It should be noted that determination of the total length and above grade length may become an iterative
process based upon remaining analysis that is completed.

Step 2B
The next step is to establish the parameters for the soils in which the foundation will be buried. The first

parameter, which is critical to the analysis process, is to determine if the soils are cohesive or cohesionless.
The primary difference between these soils types is in how the shear strength of the soil is determined. For
cohesive soils, the shear strength is based upon cohesion or the attraction forces between the soil particles.
For cohesionless soils, the shear strength depends on the internal friction angle of the soil particles. Cohesive
soils are typically fine-grained soils such as clays and silts where as cohesionless soils are generally sands and
gravels.
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After the soil type has been defined, internal friction angle, soil unit weight, and cohesion will also need to be
established. Most often these values will be obtained from a Geotechnical Report if one has been prepared
for the project. If a report is not available, it is recommended that a geotechnical engineer be consulted to
aid in the determination of the specific soil parameters.

Step 3B
Once the foundation and soil parameters have been established, the ground line reactions can be calculated.

The total unfactored moment and shear, at the base of the foundation, are determined using surface area of
the foundation, pole and luminaire multiplied by a wind pressure that is specific to each component. The
wind pressures are determined in the same manner as outlined in Step 2A of the Anchoring System Analysis
and in accordance with AASHTO LRFDLTS-1.

Once the unfactored moment and shear at the base have been calculated, a factor of safety is applied to
each value. It is at this point where LPB’s analysis procedure varies from that which is outlined in AASHTO
LRFDLTS-1. In the commentary portion of Section 13.6.1.1 (C13.6.1.1), equations are given to determine the
required embedment based upon an analysis method developed by Broms (1964a and 1964b). The equations
are based upon the ultimate load of the soils and utilize a factored moment and shear at the groundline. The
commentary, however, does not clearly state the factor that should be applied to the shear and moment.
Previous versions of the AASHTO manual, using an Allowable Stress Design (ASD), show the same procedure
for calculating the required embedment depth but clearly state the factors that should be applied to the
moment and shear. In AASHTO LTS-6, the commentary references a paper written by Broms where he
suggests using an undercapacity factor of 0.7 and an overload factor of 2 to 3. The value for the factor of
safety is then determined by dividing the overload factor by the undercapacity factor. Based upon this
information, it is LPB’s recommendation, that this type of factor of safety should be used when utilizing
Broms’ approach. The inclusion of this factor can be seen in the analysis process and example calculation.

Step 4B
At this point, the required foundation embedment is determined based upon the soil type and the factored

shear and moment. The equations used in the calculation process are shown in the example and follow the
method developed by Broms. It is possible that this step may become iterative as additional length is added
to the overall foundation or the amount of above grade foundation is reduced to achieve the required
embedment. If the required embedment cannot be achieved, based upon the dimensional parameters
outlined in Step 1B, then an alternate pole and luminaire configuration may be required.
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Step 5B
This step determines the ultimate moment in the foundation shaft for the purposes of checking the

reinforcing in the foundation. The equations used for calculating the maximum moment are based upon
Broms’ approach except that Broms’ recommendation for the factor of safety has been removed. Instead, an
AASHTO LRFD load factor has been applied. The reason for the difference is that the reinforcing check that is
completed in the next step utilizes an LRFD approach and the maximum moment needs to be factored
accordingly.

Step 6B

The typical LPB is produced using minimum 5,000 psi concrete and is reinforced with four (4) #6 vertical bars
and #3 stirrups spaced at approximately 12-inches on center. Step 6B checks to see if this typical reinforcing
is adequate to resist the applied moment in the shaft of the foundation. The check is completed at two
locations. The first location is the solid portion of the foundation and the second is at the knockout portion of
the foundation where the universal pathway openings are located. In the first location, the entire cross
section of concrete is used as well as all four vertical bars. At the second location, the section is treated as a
6-inch wide by 24-inch deep beam with a single #6 bar. LPB has found that in general, the typical reinforcing
(noted above) will be adequate and the previous steps in the analysis will generally control in the design.

The following Design Example has been prepared to show the analysis process that has been described
above. It is important to understand that this example may not depict the Designer’s actual site and project
conditions. Understanding all of the input parameters and using them accordingly is critical to the analysis
process. For additional information or to receive a copy of the analysis tool used to generate this example,
please contact LPB.
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Design
Tables




The LPB Design Tables have been prepared to demonstrate the capabilities of the foundation system with a

variety of pole and fixture size scenarios. The tables have been prepared using a number of assumptions

listed below. It is important to read and understand all of these assumptions. The tables have been prepared

by ReCon Wall Systems, Inc. and to the best of ReCon’s knowledge accurately represent the product use in

the intended application. Anyone making use of these tables does so at their own risk and assumes all
liability for such use. Final design, for construction purposes, must be completed by a Professional Engineer
who is familiar with the project and has considered the specific site conditions.

The tables have been prepared in general accordance, as described in the Design Approach section of this

manual, with the requirements found in the American Association of State Highway and Transportation
Officials (AASHTO) publications: LRFD Specifications for Structural Supports for Highway Signs, Luminaires,
and Traffic Signals, First Edition, 2015 (LRFDLTS-1)

Tables Included:

General:

4-inch Diameter Round Poles
6-inch Diameter Round Poles
8-inch Diameter Round Poles
4-inch Wide Square Poles
6-inch Wide Square Poles

The LPB is produced with an embedded anchoring system that consists of four slots, created by
plastic inserts, each containing an anchoring nut that is located approximately 4-%:-inches below
the top concrete surface. Each anchoring nut receives one (1) %-inch diameter threaded anchor
rod that projects from the top of the foundation. The anchor rod is secured in place using a single
nut and a 3-inch by 3-inch bearing washer. The capacity of the anchoring system was determined
through load testing completed by Braun Intertec. Refer to Appendix A for additional information
regarding the testing completed.

For the purposes of the Design Tables, the LPB is assumed to be round, 24-inches in diameter,
with a total height of 8-feet (maximum of 3-feet exposed above grade). A 6-foot foundation may
be used in lieu of the 8-foot foundation shown in the tables provided the minimum bury depth
does not exceed 6-feet.

For round-tapered and square-tapered light poles, the average diameter or width should be used
to determine minimum bolt circle diameter and embedment depth within the tables.

The tables assume a double light fixture with a total wind surface area equal to that shown. Single
light fixtures, creating an unbalanced load condition, are not covered within the Design Tables.
The weight of the fixtures, pole, and foundation are neglected as resisting forces in the calculation
process.
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Wind Loading Assumptions:
= The basic wind speed V: per AASHTO Section 3.8.2. V = 105 miles per hour; Risk Category: Low;
Mean Recurrence Interval: 300 Years
= Wind Exposure Category: C
* Height and Exposure Factor K,: per AASHTO Section 3.8.4. For poles and fixtures this value is
calculated for Exposure C and the actual height of the pole. For the pole foundation, K, = 0.86.
= Directionality Factor K;: per AASHTO Section 3.8.5. K;= 0.95 for round poles and 0.90 for square
poles.
= Gust Effect Factor G: per AASHTO Section 3.8.6. G=1.14
= Drag Coefficients C,: per AASHTO Section 3.8.7
= (,=0.8for Extreme Limit Case
= Light Fixture, C,= 1.2 (flat side shapes)
= Round Light Poles, C;=1.10 (4-inch dia.); C4=0.75 (6-inch dia.); C;=0.52 (8-inch dia.)
» Square Light Poles, C;= 1.81 (4-inch wide); Cy= 1.875 (6-inch wide)
* Load Combinations and Load Factors: per AASHTO Section 3.4 and Table 3.4-1. For Extreme | the
Load Factor for wind is 1.0.

Fatigue Analysis Assumptions (used for determining minimum bolt circle diameter only):
= Yearly Mean Wind Velocity Vpean: per AASHTO Section C11.7.1.2. Vean = 11.2 miles per hour
» Drag Coefficients C,: per AASHTO Section 3.8.7
= (C,=1.0for Non-Extreme Limit Case
= Light Fixture, C,= 1.2 (flat side shapes)
= Round Light Poles, C;=1.10
» Square Light Poles, C;= 1.81 (4-inch wide); C4= 1.875 (6-inch wide)
* Fatigue Importance Factor /. per AASHTO Section 11.6 and Table 11.6-1. /-= 0.55 for
noncantilevered traffic signals; Category I
» Fatigue loading check per AASHTO LRFDLTS-1 and NCHRP Report 496. Refer to the Design
approach section of this report for additional information.

Foundation Analysis Assumptions:
* Foundation analysis per AASHTO Section 13.6.1.1
*  Minimum Bury in Cohesionless Soils per AASHTO Equation C13.6.1.1-5
*  Minimum Bury in Cohesive Soils per AASHTO Equation C13.6.1.1-1
= QOverload Factor = 2.0 per AASHTO (LTS-6) Section C13.6.1.1
= Under Capacity Factor = 0.7 per AASHTO (LTS-6) Section C13.6.1.1
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How to use the LPB Design Tables

Step 1

Choose the appropriate table based upon
the pole shape and diameter/width

v

Step 2

Identify the appropriate row within the
table based upon the anticipated pole
height and total fixture area

v

Step 3

Is the proposed bolt circle diameter, for the
pole chosen, greater than the minimum bolt
circle diameter shown in the table?

/\

No

Choose a new pole or fixture and repeat

Steps 1 through 3

Yes

Proceed to Step 4

e

Step 4

Determine the required embedment and
the resulting exposed height based upon the
soils in which the foundation will be buried.
If the table contains an “NA” within the row

that corresponds to the pole height and

fixture area, it means that the foundation
does not have adequate length to be
installed given the conditions. In this case, a
new configuration will need to be chosen
and then Steps 1 through 4 repeated.
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This reference manual has been created as a tool to assist in the analysis process of the LPB. The user must
read the entire contents of the manual as well as the applicable portions of the referenced materials. By
using this manual, the user acknowledges and agrees that an understanding of the concepts contained in this
manual are essential to the proper design of an LPB.

Final design and construction, for a specific application of an LPB, are the sole responsibility of the user.
Anyone making use of this manual and its calculations does so at his or her own risk and assumes any and all
liability resulting from such use.

The calculations shown within the manual are for preliminary use only and shall not be relied upon prior to
review by a qualified Professional Engineer. A qualified Engineer is one that is familiar with the site
conditions, project conditions, soil mechanics and the design theory as described in this manual. A final site
and project specific design must be prepared by a registered Professional Engineer who is licensed in the
state of the project.

ReCon Wall Systems, Inc. disclaims any and all expressed or implied warranties of merchantability or fitness
for a particular purpose with regard to any and all use of this manual, its design calculations and with regard
to any information or products contained or referred to herein.
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ILPB

A DIVISION OF RECON

LPB is produced and marketed pursuant
to a license agreement with:

ReCon Wall Systems, Inc.
7600 West 27th St., #229
St. Louis Park, MN 55426

Patents Issued: US 8,991,122 and US 9,624,640

Distributed by:

Visit lightpolebase.com for more information.



